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When the strength of wave traveling over sandy bed 
reaches a certain condition, the bed form will be changed, to 
form the sand ripple bed. The formation mechanism of the 
bottom shear stress on ripple bed differs from that on plane 
bed. However investigation on the bottom shear stress on ripple 
bed is foundation of the investigation on the wave damping 
with traveling and the sediment transport. Therefor, this 
investigation is significant. 
The present paper measured the bottom shear stress 
directly and gave formulas to calculate the bottom friction 
factor and shear stress on the ripple bed. 
 
INTRODUCTION 
With the wave traveling, the expenses of the viscosity 
inside fluid and turbulent energy cause a damp of wave energy. 
While the wave comes into the shallow water region, the wave 
and the bed will interact. The bottom shear stress, which is 
formed by wave action, impels the sand particle to move and to 
induce the sediment transport; conversely, the bottom shear 
stress produces the friction loss against the wave motion. After 
sand particle initially moves, ripples will appear on the bed, at 
this time, the formation mechanism of the bottom shear stress 
will change essentially. 
Hence, the bottom shear stress relates to the initial motion 
of particle and sediment transport, the bottom shear stress plays 
the important role in the investigation on beach process. So 
many researchers had studied the bottom shear stress. 
Amount of this investigations, there are more the results of 
the plane bed shear stress, which is more ripe, but there are less 
results of ripple bed shear stress, particularly the direct 
measurement of the shear stress on sand ripple bed, this 
investigation seems to be the first.  https://proceedings.asmedigitalcollection.asme.org on 06/29/2019 Terms of UseFor the plane bed shear stress, while the boundary   layer 
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where bτ  is the bottom shear stress, ρ  is water density, 
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=  is the wave number, T  is wave period, L is 
the wave length. 
When the boundary layer flow is turbulent, there are 
various definitions about the shear stress, in which the most 
classical is the definition by Jonsson (1966) 
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wf  is the bottom friction factor. 1 Copyright © 2006 by ASME 
: http://www.asme.org/about-asme/terms-of-use
DownloCustomarily, the maximum bottom shear stress is used, and 





f Uτ ρ=                                     (3) 
 
where mU  is the maximum velocity near bottom. 
For the plane bed, without the ripple, the empirical relation 
curve (Re, )bw w
Af f
d
=  was given and the empirical 
expression by Jonsson(1966). But there are some 
inconveniences, because wf  is an implicit function for smooth 
and rough turbulent boundary layer. He suggested later 
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f =                                        (5) 
 
where Re m bU A
ν
=  is wave Reynolds Number, bA is the 
maximum excursion under wave near bottom, b
A
d
, is the 
equivalent sand roughness, d is sand particle diameter. 
After the ripple appears, the bed roughness will change, 
Grant and Madsen introduced the "equivalent rough height" 
concept to express the roughness of ripple bed, bK  the bed 
roughness. 
 
b br bsK K K= +                                   (6) 
 
where brK  is the roughness caused by ripples, bsK  is the 
roughness caused by the sediment transport. 
 
27.7 /brK η λ η= i                                   (7) 
1/ 2 2160( ) [( / ) 0.7]bs m m mcK S C d ψ ψ= + −i        (8) 
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/sS ρ ρ= , sρ , is sand particle density, mC  is the addition 
quantity coefficient, mC = 0.5 in general, ,m mcψ ψ is the 
Shields Parameter and its critical value when the sand initial 
moves. 
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where 0 /12b wmK Uζ σ= i , 
1/ 2( / 2)wm w bmU f U=i , Ker  
and Kei  is the real part and imaginary part of Kelvin function. 
It is obvious that the equation (9) is an empirical formula, 
although the structure form is very complex which is 
inconvenient for the engineering practice. 
This paper, based on summation of the previous works, 
measured the ripple bed shear stress and proposed the method 
and formula to calculate the ripple bed shear stress according to 
experimental results. 
 
EXPERIMENTAL STUDY ON THE SAND RIPPLE BED 
SHEAR STRESS 
Design of Measuring Instrument for Bottom Shear 
Stress  
There are two approaches, direct and indirect approach, to 
measure the bed shear stress. The indirect approach, which had 
be used by Jonsson (1963) and Kajiura (1968), is the one that 
measures the velocity distribution above the bed, then estimates 
bed shear stress from the velocity distribution of the flow field. 
But this approach has the many limitations, because the flow is 
in boundary layer has hardly any analytical solution, and it is 
very difficult to measure practically. 
The method, which had be used by Riedel and Kamphuis 
(1972a) (1972b), is that one measures the bed shear stress 
directly. But their measurement condition was the bed shear 
stress under oscillating flow or on the oscillating plate. This 
paper realized the direct measurement of ripple bed shear force. 
The primary structure of the shear force instrument is 
shown in Fig. 1. 
 
 
Fig. 1 The primary structure of the shear force 
instrument 
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DownloThe shear force response plate, which is rectangular with 
23.5 x 10cm2, is made of thin sheet aluminium. It has two 
conduit beams with the groove which coincide with two 
conduit beams of the bottom-seat, there are balls to sustain 
between up-beam and down-beam, preventing the affect from 
vertical stress variation. The response flat combined the bottom 
seat by the springs in order to that the response plate moves 
near the equilibrium position. 
In front and behind of the response plate where the 
retaining structures install, keeping 1mm small distance to the 
response plate, so that the response plate can oscillate free 
when it bears force, preventing the sand particle to enter the 
shear force instrument. 
The shear force instrument has four spring slices which fix 
at the four ends of conduit beams and combine with the 
bottom-seat. The spring slices, which is 0.8mm in thinkness, 
are made of brass. The resistance train slices stick on the spring 
slices. Under shear force action the response plate vibrate 
forcedly, the spring slices transform, the resistance train slices 
produce the electric signal which is imported into the dynamic 
resistance strain instrument and then is record by the 
oscillograph. 
 
Some Questions about the Shear Force Instrument 
Measuring Capacity, Sensitivity 
According to the work principle and the structure of the 
shear force instrument measuring capacity, sensitivity relate to 
the sensitivities of the spring slices, the resistance strain slices, 
dynamic resistance instrument and light electric oscillograph. 
First for measuring capacity, it must be assured that the spring 
slices do not present non-linear transformation under the action 
of a force as large as possible. The selection of the measuring 
capacity and the sensitivity is determined from the specific test. 
Demarcate 
The motion of the shear force instrument is an accelerative 
motion inside water. But this paper adopts the static demarcate 
which was adopted in various test and verified to be feasible. 
Because static demarcate, it is the same to perform the 
demarcate in the air and in the water. 
Hydrodynamic Effect 
The shear force plate oscillates under the periodic friction 
force. The vibration characters relate to the instrument 
properties and hydrodynamics of water. The vibration can be 
express by the vibration equation: 
 
0 0 ( )xmx C x K F t+ + =  
 
where m  is the quantity of the moving part the shear force 
instrument, 0C  is the damping factor, 0xK  is the spring mode 
of spring slice, ( )F t  is the periodic shear force. 
The magnifying factor of amplitude is  
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So 21 (0.05) 1rA = − ≈  
In general, the phase difference between the force caused 
forcedly oscillating and oscillating is approximately zero when 
/ 0.2r ff f ≤ ; one can suggest 1rA =  when / 0.1r ff f ≤  
Correction for the Error Caused by the Pressure 
Gradient in Front of and Behind the Shear Stress 
Plate 
The front and back ends of shear stress plate bear the 
pressure which affects the motion of the plate. This pressure is 
wave addition pressure. The wave pressure in water is 
cosh ( )( ) cos( )
2 cosh
gH k z hP z gz kx t
kh
ρρ σ+= − − −  
Let's the center of the plate set in x=0, the width of the 
plate is B, the pressure difference between the front and the 
back of the B is 
 
1 1 1 1( ) [cos( ) cos( )]
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ρΔ =  
The additional, pressure acting on the plate, 'F  is 
 
' 'F PA= Δ  
 
in this test ' 29.075A cm=  being the pressure acting area, so  
 




ρ −= × ×  






Function Test of the Shear Stress Instrument  
We test the function of the shear force instrument by 
measuring the shear force on plane bed. 
The shear stress measured by our instrument compared 
with that calculated by Jonsson (1960) provides good 
comparison is very good. So it is clear that  instrument is able 
to measure the shear stress on the ripple bed. 
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The maximum horizontal measured force is F(N), and then 
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The comparisons between the experimental result and the 
calculating value of the shear stress on plane bed is shown in 
the fig. 2 
Discussion on the Shear Force Instrument 
Hence the shear force response plate has a certain width on 
which the average shear stress is measured, the experimental 
maximum value is smaller than the theoretical value of shear 
stress. In Fig. 2 the calculating shear stress value is the 
averaged value on width of the response plate. The maximum 
averaged value of the shear stress is  
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10B cm=  in this paper. The error caused by this reason 
is less than 4%.  
 
calculationτ  
Fig. 2  The comparison of experimental to calculating 
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Fig. 3  Measured shear stress for the plane bed and 
the sum of shear stress on two ripples 
 






















The sum of shear stress on two ripples
The sum of shear stress on the plate4 Copyright © 2006 by ASME 
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The investigation on the bottom shear stress is important 
aspect of the investigation on the boundary layer under wave. 
The bottom shear stress relates closely to the sediment transport 
and wave damping etc. But recently the investigation on the 
bottom shear stress is not maturation, particularly on the ripple 
bed. So it is very necessary to measure directly the shear stress. 
This test is performed in the small flume, which is 15m 
long, 0.25m wide, 0.4 high. The sand particle diameter is 
0.3mm, 0.46mm and 0.61 ram. 
The measuring method is: 
1. Make the sand ripple models according to ripple forms 
collected from the ripple pattern test, each set of model, which 
takes two ripple length has three pieces. 
2. Fix the ripple model at the response plate and at the 
retaining structures in front of and behind the response plate, 
modeling the flow situation. 
3. Adopt the wave condition corresponding with the ripple 
form, to generate wave, to measure the bottom shear stress. 
It should be pointed that the shear stress measured by this 
method is fixed bed shear stress, but the ripple propagating 
celerity is only one per thousand centimeter order per second 
and the period measuring is less than one second. So one can 
recognize that the ripple is not move during the measured 
period. 
The test result shows that the positive and negative 
direction maximum shear stress values are different, the 
positive is larger than negative, which can be explained from 
Stokes 2-order wave theory. But this paper adopted the linear 
wave theory, the average value was adopted while data was 
processed. 
While calculating the friction factor to adopt equation, 
 
2 235 470A λ λ= × =  
 
 
Here hence measured shear stress is the average value on 
response plate, the crest value of shear stress is cut out to plane, 
and this requires the response to be very small. 
4. Arrangement and analysis of test result 















=                                (10) 
 
Grant and Madsen introduced movable bed rough 
consideration, investigating ripple bed shear stress, as shown in 
equation (6)~ (9). Fig. 2 is comparison of calculating by Grant 
and Madsen to the test result. Fig. 3 is the measured shear  
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shear stress on two ripples time-process curve. 
It is shown from equation (10) that 2 / bAη λ  must be 
determined according to the measurement or experimental 
formula, so that the application is not inconvenient, 2 / bAη λ  
can written as 
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There are previous the research works by Nielsen et al 
about the function relation of equation (11). The author's 
another paper also gave the expressions of '1( )F ψ  and 
'
2 ( )F ψ . Through the translation of (11), in Fig. 4 the function 
relation of wf  to 
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Fig. 4 The relation of wf  (for sand ripple bed) to 
'ψ  
 
Above result is agree with Grand and Madsen's result, but 
this paper's expression is simple more much, only the 
maximum horizontal orbital velocity near bottom and sand 
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f Uτ ρ=  
 
CONCLUSIONS 
The study on the ripple bed shear stress under wave action relates 
the sediment transport and wave damping with propagating etc, and 
has an important significance. Because the complex of the project 
which could not be solved theoretically, the experimental study is a 
very important approach. 
This study measured the ripple bed shear stress and proposed the 
expression for the bottom friction factor, since one can find the ripple 
bed shear stress. The expression is very simple and suitable for 
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